Despite the reported health-related advantages of the use of warm water in bidets, there are healthrelated disadvantages associated with the use of these toilet seats, and the bacterial research is sparse. We conducted a survey on the hygienic conditions of 127 warm-water bidet toilet seats in restrooms on a university campus. The spray water from the toilet seats had less residual chlorine than their tap water sources. However, the total viable microbial count was below the water-quality standard for tap water. In addition, the heat of the toilet seats' warm-water tanks caused heterotrophic bacteria in the source tap water to proliferate inside the nozzle pipes and the warmwater tanks. Escherichia coli was detected on the spray nozzles of about 5% of the toilet seats, indicating that the self-cleaning mechanism of the spray nozzles was largely functioning properly.
INTRODUCTION
Warm-water bidet toilet seats are equipped with a device that sprays warm water (spray water) on the external genitalia and anus after urination and defecation. A toilet seat equipped with bidet functions first appeared on the market in the United States in 1964 (Altman ) . This was followed by the development of functional electric warm-water bidet toilet seats in Japan, of which at least 30 million units have been sold nationwide to date (Hasegawa ) . A consumer behavior survey conducted by the Japanese Cabinet Office showed that 74.0% of households had warm-water bidet toilet seats in March 2013, with 102.9 units per 100 households (effectively one per household) (Cabinet Office Government of Japan ). Broadly, there are two types of warm-water bidet toilet seats: tank types and on-demand types. In the tank type, the spray water is warmed to a suitable temperature in a tank, whereas in the on-demand type the water is warmed as needed inside a tube. Tank-type products are both cheaper and more common than on-demand types in Japan. In the United States, consumers have generally resisted the use of warm-water bidet toilet seats, with only around 200,000 units sold in the past 45 years (Altman ) . () reported that the regular use of warm-water bidet toilet seats causes the condition of the intervaginal flora to deteriorate. Asakura et al. () found that regular use of bidet toilet seats increased the risk of early delivery and bacterial vaginosis in pregnant women.
While hygienic evaluations of the warm water sprayed from bidet toilet seat nozzles are important to consider from the perspective of public health, there has been almost no bacterial research conducted on these toilet seats to date. The water sprayed from bidet toilet seats is disinfected by the residual chlorine in tap water, which is the source of the bidet spray water. However, we hypothesized that the heat of the warm-water tank could eliminate the residual chlorine, thus negating the effect of this important built-in factor for disinfection. Therefore, we surveyed the state of residual chlorine and microbial indicators in the spray water of warm-water tanks of bidet toilet seats at the campus of Kitasato University, Kanagwa, Japan. We also evaluated the disinfection status and microbial hygiene of the spray water.
MATERIALS AND METHODS

Warm-water bidet toilet seats
To evaluate the hygiene status of bidet toilet seats with warm-water tanks (hereafter, warm-water bidet toilet seats), a survey of their microbial communities was conducted at the Sagamihara campus of Kitasato University in 2012 and 2013. Of the total 127 seats analyzed, there were 43 toilet seats for men's use, 71 for women's use, and 13 for barrier-free use. The campus contains both university and hospital buildings. Of the toilet seats studied, 86 were in a research building (33 men's, 45 women's, eight barrier-free) and 41 were in an outpatient hospital building (10 men's, 26 women's, 10 barrier-free). Between about 2 to 10 years had passed since these toilet seats had been installed, and all were functioning properly.
Survey methods
Spray water
Residual chlorine and microorganism indicators in the spray water from the warm-water bidet toilet seats were surveyed twice. For the first survey, spray water was collected directly as it came out of the nozzle, and tap water was used as a control. In the second survey, the surface of the nozzle was first disinfected with 70% ethanol and then rinsed with sterile purified water so that the sample could be collected without any contamination from the nozzle surface. About 200 mL of spray water from the nozzle was collected in sterilized bottles (containing 30 mg sodium thiosulfate) for microorganism testing.
About 50 mL of spray water was collected in sterilized bottles for residual chlorine testing. The samples were kept at 4 W C in refrigerated storage until analysis. Measurements were performed quickly.
Tap water
Tap water for control specimens was collected from faucets in the restrooms that were surveyed. To eliminate as much contamination as possible on the faucet, the tap water was allowed to run for about 1 min before samples (∼200 mL) were collected for microorganism testing in sterilized bottles (containing 30 mg sodium thiosulfate). Next, about 50 mL of tap water was collected for residual chlorine testing in sterilized bottles. The samples were kept at 4 W C in refrigerated storage until analysis. Measurements were performed quickly.
Residual chlorine
For spray water and tap water samples, residual chlorine levels (mg/L) were measured using a DR2010 multi-item rapid water-quality measuring instrument (Hach Co.; Tilamook, OR, USA) with the N,N-Diethyl-p-phenylenediamine (DPD) method (USEPA-approved Hach Method 8167).
Total viable count
Samples of 1 mL, diluted as necessary with sterilized physiological saline solution (0.85%), were cultured in Tokyo, Japan) and sequence analysis was performed with an Applied Biosystems 3730xl sequencer (Applied Biosystems;
Foster City, CA, USA).
Statistical analysis
The geometric means (GM) and geometric standard deviations were calculated for total viable count, HPC, and residual chlorine. When there were non-detected data, the detection limit was assigned for use in calculation. Statistical comparisons of total viable count, HPC, and residual chlorine in spray water and tap water were performed using 
RESULTS
Residual chlorine
The GM of residual chlorine in the spray water of warm-water bidet toilet seats and in tap water was 0.04 mg/L and 0.24 mg/ L, respectively, which represented a significant difference (P < 0.01). This result demonstrated that there is clearly less residual chlorine in spray water than in tap water (Table 1) .
Moreover, when these data were log-normalized, it became clear that artificial factors (e.g., heating) caused the residual chlorine to disappear in the spray water. However, no significant difference in the residual chlorine concentration of spray water was observed between the male and female restrooms.
Residual chlorine levels were higher in the spray water from toilet seats in the outpatient building than from those in the research building (P < 0.01; Figure 1 ). Frequent inflow of tap water into a toilet's warm-water tank is needed to maintain the chlorine concentration in spray water; that is, the residual chlorine concentration cannot be maintained without frequent use. As such, we surmised that the toilet seats in the outpatient building were used more often than those in the research building.
Total viable count and HPC in spray water
The total viable count and HPC of spray water from warmwater bidet toilet seats and control tap water are shown in Table 2 . The total viable count and HPC were both significantly higher in spray water than in tap water, and the difference was particularly apparent for HPC, with an increase of around 2-3 log10 (P < 0.01). Detection rates were also higher in spray water than in tap water (P < 0.01). Significant differences in total viable count were not observed between male and female restrooms (Table 2) or between the research and outpatient buildings (data not shown).
A significant difference in HPC was observed between the male and female restrooms (P < 0.01) ( Figure 2 ). Examining the data by building, a significant difference was observed between the male and female restrooms in the research building, but not in the outpatient building (data not shown). In addition, HPC was clearly higher in the outpatient building's male restrooms than in the male restrooms in the research building (P < 0.01; Figure 3 ). and that for residual chlorine and HPC was R ¼ À0.451
Relationship
(R 2 ¼ 0.203; P < 0.01). Although the correlation coefficients between HPC and residual chlorine did not show a strong relationship, the coefficients of determination (R 2 ) suggest that a factor other than residual chlorine affects the microorganism count. was collected directly or following disinfection of the nozzle, respectively. These results indicate that the total viable count and HPC decreased when spray water was collected after cleaning the nozzle (P < 0.01).
Effect of nozzle cleaning on the survey results
Detection of fecal indicator bacteria and P. aeruginosa
Surveys of fecal indicator bacteria and P. aeruginosa in the spray water were conducted from early September to early October (for the first survey) and from late October to late November (for the second survey). The detection rates of fecal indicator bacteria and P. aeruginosa were nearly identical in both surveys (Table 3) . Coliform bacteria were detected in the spray water collected from seven toilet seats (5.5%), E. coli was detected in the water from three toilet seats (2.4%), enterococci were detected in the water from four toilet seats (3.1%), and either E. coli or enterococci were detected in the water from six toilet seats (4.7%). When tap water was analyzed as a negative control, no fecal indicator bacteria were detected, as expected.
A Chi-squared test of the fecal indicator bacteria detection rates in male and female restrooms showed a tendency for coliform bacteria to be detected more often in spray water from toilet seats in male restrooms (P < 0.05) than in female restrooms. Most fecal indicator bacteria were detected at a concentration of 1 MPN/mL or less (Table 4) , and fecal indicator bacteria (coliform bacteria, E. coli, enterococci) appeared in only one toilet seat in both surveys (Table 4 , No. 6). This indicates that feces stuck to the nozzle that discharges spray water is able to mix with the spray water when it comes out, although in very small amounts, leading to the detection of fecal indicator bacteria in spray water.
In the first and second surveys, P. aeruginosa was specifically detected in water from the same male and female toilet seats. Of the 127 warm-water bidet toilet seats, P. aeruginosa was detected in the spray water of only two seats ( Table 4 ) at concentrations of 5 CFU/mL (male restroom) and 10 CFU/mL (female restroom).
Infectious microorganisms
Neither Salmonella, V. parahaemolyticus, B. cereus, nor S. aureus was detected in the spray water from the warmwater bidet toilet seats or in tap water.
Microbial community structure Figure 7 shows the microbial community structure in spray water collected from five warm-water bidet toilet seats on the university campus (spray waters 1-5, lanes 1-5) and from one toilet in a residence in the same city, which was evaluated as a control (spray water 6, lane 6). (Table 5 ).
The bacterial groups that the spray water samples had in common were Arthrobacter, a type of actinomycete; Novosphingobium, a soil bacterium; Sphingomonas; and
Sphingopyxi. Phylogenetic analysis with the neighbor-joining method revealed that Novosphingobium (bands b2, b5) and
Sphingomonas (bands c1, c3-c6) have similar DNA sequences (Figure 8 ).
PCR-DGGE isolation and sequence analysis and
identification indicated that the environmental microorganisms found in trace amounts in tap water create biofilms and proliferate inside the warm-water tanks of bidet toilet seats, and are then discharged into the spray water.
DISCUSSION
The ability to maintain and regulate residual chlorine is an important built-in factor for maintaining the hygiene and disinfection of spray water. In this study, we surveyed 127 warm-water bidet toilet seats and found that the spray water showed a marked increasing trend, rising to levels 100 to 1,000 times higher than those found in tap water. This suggests that microorganisms repopulate and biofilms form at higher rates in the warm-water tanks and internal tubing of bidet toilet seats than in tap water pipes due to heating, and because of remaining stagnant for long periods.
Furthermore, the nozzles of warm-water bidet toilet seats can become contaminated with feces because they are used to wash the area around the anus after defecation. 
